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Introduction

= Soliton - Playing an important role in physics
- Ex. Domain wall solution == Brane world scenario
= D=5 N=1 SUSY U (M) gauge theory with N massive flavors and FI term
Isozumi, Nitta, Ohashi, Sakai, 2004
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Introduction

= Soliton - Playing an important role in physics
- Ex. Domain wall solution == Brane world scenario
= D=5 N=1 SUSY U (M) gauge theory with N massive flavors and FI term
Isozumi, Nitta, Ohashi, Sakai, 2004
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= Infinite gauge coupling limit
- Massive hyper-Kahler nonlinear sigma model (NLSM) on T*G n s
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Introduction

= G'n. . 0ne of compact Hermitian symmetric spaces (HSS)
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= Question: How about a NLSM on T*M ? (M is the HSS except Gy i)
- Different vacuum structure

- Expected interesting configurations as well as TG x s
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Introduction

= G'n. . 0ne of compact Hermitian symmetric spaces (HSS)

B U(N) N — SO(N+2)  SO(2N) Sp(N)
U(N — M) x U(M) SO(N)xU(1)  U(N)  U(N)

Es E;

SO(10) x U(1)  Eg x U(1)

GN.Mm

= Question: How about a NLSM on T*M ? (M is the HSS except Gy i)
- Different vacuum structure

- Expected interesting configurations as well as TG x s

= Consider domain walls of a NLSM on T*M except TGN, m
- Difficult to construct such an action because of requirement of N=2 SUSY
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Introduction

= Simplifying setup
- Observation: The cotangent part is trivial for vacua and domain wall
configuration in T*G n a
Isozumi, Nitta, Ohashi, Sakai, 2004
fo— / dOK (®,®", ¥, ¥) + potential term

\l’—/j’_/

K: Kahler potential of TG
Base manifold part  Cotangent part > N,M
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Introduction

= Simplifying setup

- Observation: The cotangent part is trivial for vacua and domain wall
configuration in T*G n a

Isozumi, Nitta, Ohashi, Sakai, 2004

L= / d*OK (®,®", ¥, ') + potential term
\f—/ \f_/

_ K: Kahler potential of TG n as
Base manifold part  Cotangent part ’

- The result is respected as one of the massive Kahler NLSM on G’y »s -
L= /d49K(<I), ®T) + potential term

- The situation would be the same for other NLSMs on T°M (M is the HSS).
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Purpose of our work

= Domain walls in massive kahler NLSM on SO@2N)

Construction of Lagrangians for models

BPS equations

Solving BPS equations & investigating properties

Conclusion
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Setup

= Starting with the massless NLSM on

in 4 dimensions.
Higashijima, Nitta, 1999
- 4D N=1 U(N) gauge theory coupled to 2N flavors including FI term (with g — o0)

c= [ ai00660 () =) + ([ 0620, 10M) +ec)
(7:21:"°:2N7 CLZl,"',N)

_ 0 1 . +1 SO(QN)/U(N)
J—1®( € o)’ 6—{ 1 Sp(N)/U(N)

- @ : vector rep. of U(N), V: vector superfield
- qbg = €q@g : symmetric (SO(2N))/anti-symmetric (Sp(N)) rep.
- Egs. of motion for V & ¢ give constraints
6ig.t —85b =0 (D-term) ¢ T =0 (F-term)
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Setup

= Dimensional reduction
- Getting a non-trivial scalar potential

Ebos — _DugbiDuéi _ 4|(¢0)ab¢bi|2 + -

l Do, Cartan subalgebra of SO(2N), Sp(N)
a

— ] 7 .
or3 19q Mj sz = diag(my,mso,---,mn) ® 03

Loos = —Dmd' D™ — [ig ] M;" — i%, 0,2 — 4](60) 5| + -+
‘ _V (E — ’Ug)

Giving rise to discrete vacua

o Page 11



Vacua

= \Vacuum condition

0=V =lig/M;" —i% ¢ |" + 4/(do)" 8’|

with constraints
. — T
qbaquib_&abzoj QJDE 339?5 J _
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Vacua

= \Vacuum condition

0=V =lig/M;" —i% ¢ |" + 4/(do)" 8’|

‘ o
(qbg)abqbbz — 0

$ |
¢O — Oa ¢:z # 0

with constraints

[Eu—

qbaquib o 5ab — OJ Qbai ﬁjqu%) =0
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Vacua

= VVacuum condition

0=V = i) M;* =i, [2 + 4](0) 6y

$ :
(ég)abébz —

¥ .
¢O — Oa ¢:z # 0

(myp — Ea)¢a2k_1 =0
(mk T Ea)¢a2k =0

(2,2 — diag(X1, Es,---Xn) by gauge trans.)

with constraints

[Eu—

(040" =8 =0, 6,050, =0
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Vacua

= N=2 case (SO(4)/U(2) & Sp(2)/U(2) — 4 discrete vacua?)

1 0 0 O
22/\ E<1) — (m17m2)7 Qb(l) — ( 00 1 0 )
X %
Yy = (my, —ma),
Y3y = (=my,ma) >< By = 1 0 0 O
00 -1 0 =10 0 0 1
P(3) (0 1 0 o)
>< E(4) — (—mh—mz)
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Vacua

= N=2 case: SO(4)/U(2)

b Jij % =0 1 000
¢ 22/\ E(l) — (m17m2)7 Qb(l) — ( 0 0 1 0 )
=O(4) invariant
Rotation & Parity ><
= 10 consider SO(4)/U(2),
we remove the parity.
X %
Yy = (my, —ma),
Y3y = (=my,ma) >< By = 1 0 0 O
0 0 -1 0 @ 000 1
Pl = ( 0 1 0 o)
X gy = (—ma, —ma)

/(00 0 -1
9={0 1 0 o0
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Vacua

= N=2 case: SO(4)/U(2)
b Jijd % =0

1 0 0 O
22/\ E<1) — (m17m2)7 gb(l) — ( 00 1 0 )
=O(4) invariant
Rotation & Parity ><
-To consider SO(4)/U(2), Related
we remove the parity. by parity
Related X 2
by rotation Siay = (mq, —my),
Y3y = (=my,ma) 5 1 000
0 0 -1 0 @ 000 1
b3 = ( 0 1 0

Related by parity
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Vacua

= N=2 case: SO(4)/U(2) — 2 discrete vacua

b Jij % =0 1 000
¢ 22/\ E(l) — (m17m2)7 gb(l) — ( 0 0 1 0 )
=O(4) invariant
Rotation & Parity ><
= 10 consider SO(4)/U(2),
we remove the parity.
X %
Yy = (my, —ma),
Y3y = (=my,ma) >< By = 1 0 0 O
0 0 -1 0 @ 000 1
Pl = ( 0 1 0 o)
X gy = (—ma, —ma)

/(00 0 -1
9={0 1 0 o0
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Vacua

= N=2 case: SO(4)/U(2) — 2 discrete vacuamm)p 2V ~' discrete vacua

b Jij % =0 1 000
¢ 22/\ E(l) — (m17m2)7 gb(l) — ( 0 0 1 0 )
=O(4) invariant
Rotation & Parity ><
= 10 consider SO(4)/U(2),
we remove the parity.
X %
Yy = (my, —ma),
Y3y = (=my,ma) >< By = 1 0 0 O
0 0 -1 0 @ 000 1
Pl = ( 0 1 0 o)
X gy = (—ma, —ma)

/(00 0 -1
9={0 1 0 o0
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Vacua

= N=2 case: Sp(2)/U(2) — 4 discrete vacua mm)p 2" discrete vacua

a S 2(1) = (m1, mo), ¢(1) = ( 0 0 1 0 )

=Sp(2) invariant N4
X %=
N2y = (my, —ms),

Y3y = (=m1,ms) X P2y = C oo

00 1 ~=Vo0o 0 0 1
P(3) = ( 01 0 0 )
>< E(4> — (_mla _m2)
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BPS equation

= Bogomol’'nyi completion
- Supposing a non-trivial configuration along &t = 21 direction, vg = v3 =0

E = / dz (|D16, F (¢ M;' — X0, ) > +4](¢0) "¢y’ |?) £ T > £T

T = /d;r:é‘l(gb;Mijgbja)

with constraints ¢ 1¢,> =50 =0, ¢, Jis6" =
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BPS equation

= Bogomol’'nyi completion
- Supposing a non-trivial configuration along &t = 21 direction, vg = v3 =0

E = / dz (|D16, F (¢ M;' — X0, ) > +4](¢0) "¢y’ |?) £ T > £T
T = /d;r:é‘l(gb;Mijgbja)

with constraints ¢ 1¢,> =50 =0, ¢, Jis6" =

= BPS equation
(D19)' F (97 M;* = E,¢y') =0

(¢0)™¢y" =0 = G0 =0, 070
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Solving the BPS equation

= Rewriting the equations

(D1¢)ai - (qba,iji - Zabqbbi) =0 o) 81fai = faiji

[qbai — (S_l)abfbia E _ i'Ul — S_lalsJ S - C
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Solving the BPS equation

= Rewriting the equations

(D19)," — (Gbaiji — 224N =0 =P O, f' =7Ff, J’]\J g

[¢ai — (S_l)abfbia E _ i'Ul — 5_131,5'} S - C

= Solution
7 —1\ b ) Max\ 1
bo = (S77) Hy'(e™7),;
H,,! :moduli matrix
= Constraints

N Hoe?M*HT = g5t
i2b _ gb _ g Ts _
ba®i’ =8y =0, ¢ Jij¢ =0 mmmp {HOJHOT_O

H g includes info of vacua, boundary conditions and positions of walls.
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Solution - N=2 case

= SO(4)/U(2) case
- 2 discrete vacua

(mk — Za)gba?k_l — 07 (mk + Ea)¢a2k 0

1 0 0 O
22/\ 2(1) — (m1)m2)7 qb(l) — ( 0 O 1 O )
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Solution - N=2 case

n SO(4)/U(2) case Qbai _ (S_l)abHObj (eM:c)ji
- 4 discrete vacua
) Hoe*M*H] = 55t

]
]

I

E

||
N
o =
o O
)
o O
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Solution - N=2 case

= SO(4)/U(2) case 6= (51 HObj( eMw)ji
- Single wall
¥ 1 0 0 o) Hoe® Hj =SS!
. H0<1>:(0010)
1 0 0 —e" ><
H0<1<—4)—(0 2| Oe ) r = +00
reC
> El
L = —00
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Solution - N=2 case

= Sp(2)/U(2) case
- 4 discrete vacua

1000
X H°<2>:(0 0 0 1)
>,
010 0
H0<3>:(0 0 1 0)
0 1 0 0
H0<4>:(0 0 0 1)
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Solution - N=2 case

= Sp(2)/U(2) case
- 4 single wall

1 0 0
e B 1 e 0 0 NHO(1<—2) — ( 0 0 1 e
0(1<—3) - 0 0 1 0 >< H0<2> — P 00
0 0 O
>y,
1 ¢ 0 0
0O 1 0 O _
Hyy = ( R ) £H0(2<—4) ( 0 0 0 1 )}
0 1 0 0
— 0O 1 0 O
[H0(3<—4) — ( 0 0 1 e ) Hyy = ( S )

= QA—
N—



Solution - N=2 case

= Sp(2)/U(2) case
- 2 double walls
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Solution - N=2 case

= Sp(2)/U(2) case
- Double walls

100 0
! »Y H0<1>:(0 0 1 0)

0 1 0 0>< 17 (1 e 0 0 )
0(1+2,3+4) — r1
H0<3>:(0010) 0 0 1 e

0 1 0 0
H0<4>:(0 0 0 1)
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Solution - N=2 case

= Sp(2)/U(2) case
- Double walls

1 000
4 2ot H0<1>_(0 0 1 0)
| (100 0
\\\\\\\\\\ R X \H0<2>_(0001)
S 20 - w0 ’El
>< 1 2 0 0
o (0 1 0 0 H0(1<—2)3<—4): 0 0 1 en
=10 0 1 0 /
010 0
H0<4>:(000 1)
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Solution - N=2 case

= Sp(2)/U(2) case
- Double walls

o R
o O
o O
—_O
SN——

X:%m=(

‘m : = - / > El
0 10(%: H (16% ! 0)
0(1+2,3+4) — r1
%@:(o : 0) 0 0 1 e

X
)

%w=(

0 1 0
0O 0 O
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Solution - N=2 case

= Sp(2)/U(2) case
- Double walls

0 1 0 0>< 1 e 0 0 )
0{142,3¢4) r

H0<3>:(0010) o 0 1 ¢
X
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Solution - N=3 case

= SO(6)/U(3) case

23 4 Two sets of vacua related by parity
(7) (5) [ 1. <1>, <4>, <6>, <7> ]
0 2. <2>,<3>, <5> <8>
(3)
> Y,
...................... (6)
(8) /
=, i) 2)
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Solution - N=3 case

= SO(6)/U(3) case

- single walls

o O =
-
o = O
o O D
_ o O
-

o Page 36



Solution - N=3 case

= SO(6)/U(3) case
- Double walls
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Solution - N=3 case

= SO(6)/U(3) case
- Compressed walls
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Solution - N=3 case

= SO(6)/U(3) case
- Compressed walls

23 A
(7) (5) T
(3) 7 .
y (/ > 2lg 4 (\J
0(147) <8 : 2
A — (6)
21 41) (2)
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Solution - N=3 case

= SO(6)/U(3) case
- Compressed walls

23 A

(7) (5) T

: \HQ(M—?) ”

_ <1> 205—

<3> 15

S 22 10

Ho(1eae7) o 6) S
/ — 5 = 0w X

=40 )
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Solution - N=3 case

= Sp(3)/U(3) case
- 8 discrete vacua, 12 single walls
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Solution - N=3 case

= Sp(3)/U(3) case
- Double, triple walls

o) [

H0(1<—3<—4<—8)
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Solution - N=3 case

= Sp(3)/U(3) case
- Double, triple walls

23 4
(7) (5)
: Penetrable like
E /
(3) : /[JrH/ —— SP@IU() case
H i // > Y9
0{1 43 4+8) Ho(1d24c8)
(6)
544
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Summary & Discussion

= Investigating domain walls in massive Kahler NLSM on SO(2N)/U(N) and
Sp(N)/U(N) in 3-dimensional space-time.

= Found 2%~ 'and 2% discrete vacua in SO(2N)/U(N) and Sp(N)/U(N)
models.

= BPS wall solutions
- Deriving BPS domain wall solutions up to N=3 case.
- Properties: Compressed wall, Penetrable walls.

= Future direction.

- Complex solution such as wall-vortex system.
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